The reaction was stopped by immersing the vials in boiling water for 10 Fig. 1 ). This appears to provide the only pathway for synthesis of oxaloacetate from C3 precursors.
The pH optimum for the PEPCK was 6.8 to 6.9. The Km for bicarbonate was found to be 21 mM. This value was typical of PEPCK but much higher than those for enzymes generally associated with CO2 fixation on pyruvate or PEP (12) . The PEPCK was also typical in that it was strongly inhibited by quinolinic acid. The enzyme required adenosine 5'-diphosphate or cytidine 5'-diphosphate. Specific activities with these phosphate acceptors were almost identical. The enzyme did not function with guanosine 5'-diphosphate or inosine 5'-diphosphate. There was an absolute requirement for divalent metal ions. No activity was observed when both Mn2+ and Mg2" were deleted from reaction mixtures ( imidazole hydrochloride buffer, 50 mM (pH 6.8); PEP (tetracyclohexylammonium salt), 2 mM; adenosine 5'-diphosphate (disodium salt), 2 mM; NaHC03, 50mM.
MnCl2.4H20, 2 mM; reduced NAD (disodium salt), 0.4 mM; L-malate dehydrogenase, 60 U; cell-free extract, 118 ug ofprotein (total volume, 2.5 ml; incubation temperature 32°C). Absorbance was read at 340 nm (10-mm lightpath) . Values for a complete mixture minus PEP, adenosine 5'-diphosphate, and NaHC03 were subtracted to obtain those shown in the graphs. such as adenosine 5'-monophosphate and fructose-1,6-diphosphate were added or deleted. This discrepancy remains unexplained, but earlier reports (5, 6) also indicated low activities of this enzyme in butyrivibrios. If pyruvate kinase activity is indeed low in comparison with activities of PEPCK and oxaloacetate decarboxylase, the main route of pyruvate synthesis from hexose would be via oxaloacetate.
Several succinate-producing anaerobes, including ruminal species, also possess adenosine 5'-diphosphate-dependent PEPCKs. In Bacteroides fragilis, PEPCK is the most important enzyme catalyzing C4 synthesis, and pyruvate kinase plays a minor role in the conversion of PEP to pyruvate (7) . Other examples are Bacteriodes ruminicola and Succinivibrio dextrinosolvens (10) . Bacteroides succinogens (9) and Ruminococcus flavefaciens (4) possess adenosine 5'-diphosphate-dependent PEPCKs. Butyrivibio differs in that it does not produce succinate, and perhaps its PEPCK is unusual in that it can function with cytidine 5'-diphosphate.
That PEPCK has a high Km for bicarbonate may be related to the high concentration of C02 or HCO3 (20 mM) required to initiate growth in Butyrivibrio (1). This should not limit its function in rumen bacteria, because HCO3 concentrations in the rumen range from 19 to 58 mM between pH 6.2 and 6.9 (11) .
